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Elastic Strain Energy 


BASIC RELATIONS 


One of the very important principles of mechanics concerns the amount of internal 
work stored in a body due to the externally applied forces. This work manifests 
itself as the elastic energy of deformation, which together with the principle of the 
conservation of energy forms the basis for several stress analysis methods. 

The work done by an external force is simply the average magnitude of this 
force multiplied by the displacement of its point of application in the direction of 
this force. If the material is elastic (Fig. 1.2) the area under the load-deflection 
curve is W AL/2 for the case of uniaxial stresses. The corresponding stress-strain 
diagram gives Se/ 2, which represents the energy stored in an elastic body (Fig. 1.3). 
Utilizing Hooke’s law [Eq. (1.3)], we obtain a rather elementary but indispensable 
formula for the quantity of strain energy, stored in a unit volume of the material 


U' = 
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( 6 . 1 ) 


Although Eq. (6.1) does not directly indicate the dependence of the stored energy 
on the load-deflection relation, it defines the material’s ability to absorb the energy 
without any permanent set. This type of energy is recoverable upon the remov¬ 
able of external loading. If it is desired to express the total elastic strain energy 
for a prismatic bar of uniform cross section in terms of the uniaxial load, then 
substituting S = W/A in Eq. (6.1) and multiplying the result by the volume AL 
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